Background-Idiopathic left bundle-branch block (LBBB)-like ventricular tachycardia (VT) is considered to originate in the right ventricular outflow tract (RVOT) or from the aortic root. Both regions are derived from the embryonic outflow tract. We now report that also the pulmonary trunk can give rise to VT, suggesting a common etiology of these tachycardias. Methods and Results-We studied 6 patients with symptomatic idiopathic LBBB-VT using electrophysiological mapping techniques. The VT origin was determined by analyzing the electrograms and the angiographic location of the catheter tip at the successful ablation site or the earliest activation site. Eight VTs were induced. Two VTs, with a mean earliest endocardial activation time of Ϫ5 and Ϫ20 ms and optimal pace mapping, were successfully ablated in the RVOT. In the remaining 6 VTs, the earliest activation site was found in the pulmonary artery, and, at this site, a sharp potential was present Ϫ38Ϯ12 ms before the QRS in 5 VTs. The mean earliest endocardial activation time in the RVOT was Ϫ1Ϯ2 ms. Ablation was attempted in 5 of 6 VTs and resulted in an acutely successful procedure. After a mean follow-up of 10Ϯ4 months, 1 of 5 patients had a recurrence. Conclusions-The site of origin of idiopathic LBBB-VT can be in the root of the pulmonary artery, suggesting a myocardial connection from this site to the RVOT. If no good criteria for ablation in the RVOT are found, detailed mapping of the pulmonary artery should be performed.
I
n recent years, much attention has been given to cardiac arrhythmias originating in vessels connected to the heart. The pulmonary veins, superior caval vein, coronary sinus, and ligament of Marshall may contain arrhythmogenic myocardial tissue. When connected to the heart, atrial fibrillation or atrial tachycardia may ensue. Radiofrequency (RF) catheter disconnection of these structures has proven to be a successful therapy for these arrhythmias. [1] [2] [3] [4] It has also been shown that idiopathic ventricular tachycardia (VT) may originate from the aortic root. 5, 6 These findings made us decide to carefully map activation in the root of the pulmonary artery in patients presenting with an ECG labeled as idiopathic right ventricular outflow tract (RVOT) VT.
Methods

Study Population
Between March 1992 and May 2001, 72 patients (40 men, mean age 42Ϯ12 years) with idiopathic left bundle-branch block (LBBB)-shaped VT were referred to our institution for electrophysiological evaluation and RF ablation. The study population consisted of 6 patients with idiopathic monomorphic LBBBshaped VT admitted for electrophysiological evaluation and RF ablation since May 2001. The diagnosis of idiopathic VT was made after an extensive workup (Table 1 ). There were 3 men and 3 women aged 19 to 56 years (mean, 38Ϯ13). One of these patients (patient A) has been described previously. 7 Physical examination, 12-lead ECG during sinus rhythm, and chest radiograph were normal in all patients. Three patients presented with sustained monomorphic VT and 3 with recurrent runs of nonsustained monomorphic VT. All but 1 patient had been undergoing sotalol treatment. Patient B was treated with amiodarone. The abnormalities detected by MRI in 3 patients (Table 1) were similar to those reported by other authors. 8 Three of the patients had a previous acutely failed RF ablation in the RVOT. Two of these previously failed procedures were performed in our institution, and the earliest endocardial activation during VT started Ϫ10 ms (patient D) and 0 ms (patient E) before the QRS complex. One patient (patient D) with a fast VT and an unsuccessful previous RF ablation had received an implantable defibrillator. The hospital ethics committee approved the study.
Electrophysiological Study
After obtaining informed consent, the patients were studied in the fasting state without sedation. Antiarrhythmic drugs were discontinued for at least 5 half-lives before the electrophysiological study. The patient treated with amiodarone (patient B) discontinued this medication 9 weeks before the study. Under local anesthesia, quadripolar catheters were positioned via the femoral route into the right atrium, His bundle region, and right ventricular apex. Programmed electrical stimulation was performed as previously described, first in the right atrium and then in the right ventricular apex using up to 3 extrastimuli. 9 When sustained VT could not be induced, the stimulation protocol was repeated under isoproterenol infusion at a rate of 1 to 3 g/min. Also, rapid ventricular pacing was performed using cycle lengths of 430, 400, 350, and 300 ms giving 10, 20, 35, and 50 stimuli. Stimuli were delivered at twice the diastolic threshold and were 2 ms in duration. All 12 surface electrocardiographic leads and the bipolar intracardiac electrograms (filtered at 30 to 400 Hz) were recorded and stored by PC-EMS 4.39 (CardioTek b.v). During the procedure, intravenous heparin was given as a 100-IU/kg bolus dose followed by boluses of 5000 IU every hour.
Mapping Procedure
After the baseline study, a 7F deflectable quadripolar (2-mm interelectrode spacing) ablation catheter with a 4-mm tip electrode was introduced into the right ventricle. Based on a previous observation, activation mapping during VT was started in the root of the pulmonary artery. 7 Pace mapping was done by using bipolar pacing between the distal pair of the electrodes with a stimulus pulse width of 2 ms. Two methods were used during pace mapping: (1) pace mapping during VT at a cycle length 20 ms shorter than the tachycardia cycle length using a stimulus strength limited to 1 mA greater than required for capture of the tachycardia, or (2) pace mapping during sinus rhythm by pacing at the same rate as the clinical VT to obtain an identical QRS-VT morphology. An optimal pace map was defined as a match of all 12 surface leads during pacing at the tachycardia cycle length.
Ablation Procedure
RF catheter ablation was performed during VT for 60 to 90 seconds with a preset temperature of 70°C and a power limit of 50 W. A successful ablation was defined as the noninducibility of VT, with and without isoproterenol administration, during at least 30 minutes after ablation. Right ventricular angiographies in the right and left anterior oblique projections were made with the ablation catheter positioned at the successful application site. All patients had 24-hour Holter monitoring after the procedure. An exercise test was performed the second day after ablation. After ablation, all patients received oral anticoagulants for 3 months but no antiarrhythmic drugs. The follow-up consisted of visits to the outpatient clinic, the first visit at 6 weeks and thereafter every 3 months.
Results
Eight different monomorphic VTs were induced in the 6 patients. Table 2 summarizes the electrocardiographic and electrophysiological characteristics and ablation parameters of the VTs.
Electrocardiographic Characteristics
All 8 induced VTs had an LBBB-shaped morphology and were clinically documented, except for the VT with a very late R/S transition in the precordial leads in patient A. In 2 patients (patients A and D), 4 different VT morphologies were induced, of which 2 were successfully ablated from the RVOT.
The remaining 6 VTs, shown in Figure 1 , originated above the pulmonary valve. The frontal QRS axis was intermediate in 2 VTs and vertical in 3 VTs. There was 1 VT with right QRS axis deviation. The mean QRS width and cycle length of the VTs were 130Ϯ16 ms (120 to 160) and 292Ϯ55 ms (220 to 380), respectively. Three VTs had an R/S transition Ͼ1 in precordial lead V 4 , 2 in V 3 , and 1 in V 6 . 
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Four of the 6 VTs originating above the pulmonary valve were induced during isoproterenol administration, 3 of them in combination with programmed electrical stimulation. Three VTs were induced by ventricular extrastimuli and 2 VTs by rapid ventricular pacing. The induced VT was sustained in 5 patients and nonsustained in patient E.
Mapping and Ablation Procedure
Two of the 8 VTs (patients A and D) were successfully ablated in the RVOT. Their earliest endocardial activation time, Ϫ5 and Ϫ20 ms, was found on the septal and midseptal side of the RVOT. 9 Pacing at these sites showed an optimal pace map. (Figure 2 ). In these patients, the mean earliest endocardial activation time in the RVOT was 
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Ϫ1Ϯ2 ms (0 to Ϫ4). In 5 of the 6 VTs, a sharp potential, preceding the QRS complex, was observed at the site of the earliest activation time (patients A, B, and D through F), whereas the electrogram at the successful ablation site of patient C was fragmented during tachycardia ( Figure 2) . A sharp potential or fractionated electrogram was not present in the 2 VTs ablated from the RVOT. Interestingly, the sharp potential was also recorded late after the ventricular electrogram during sinus rhythm in all 5 patients before ablation and disappeared after ablation (Figure 3 ). An optimal pace map was obtained in 3 of 6 VTs, and 11 of 12 leads between the clinical VT and the pace map were similar in patient E (Figure 4 ). Despite pacing with high output and long pulse width, no capture was obtained in the 2 patients in whom the VT originated more distal in the pulmonary artery (patients A and B). RF ablation was only attempted in the patients with sustained VT. All 5 VTs could be terminated and were no longer inducible after a median number of 5 (range, 1 to 12) applications. The mean application duration was 54Ϯ20 seconds (20 to 90), with a mean temperature of 53Ϯ10°C (30 to 70) and a mean power of 40Ϯ12 W (6 to 56). The site of successful ablation was several centimeters in the root of the pulmonary artery in 2 patients (patients A and B) ( Figure 5 ) and within 1 cm above the pulmonary valve in the remaining 3 patients (patients C, D, and F) ( Figure 6 ). In patient E, in whom no ablation was attempted, the earliest activation during nonsustained VT was recorded within 1 cm above the pulmonary valve. There were no procedural complications.
Follow-Up
In the 5 ablated patients, no VT occurred during the exercise test performed 2 days after ablation. All patients had postprocedural echocardiography without evidence of pulmonary valve dysfunction or thrombus formation above the valve. After a mean follow-up of 10Ϯ4 months (4 to 16), 1 of the 5 patients had a VT recurrence. The VT recurrence occurred in the patient with an implantable defibrillator (patient D) and was treated with device therapy. The VT of the patient in whom no ablation was performed did not recur under treatment with sotalol.
Discussion
For the treatment of patients with idiopathic, LBBB-like, inferior-axis VT, RF energy is usually applied to the RVOT. Pace mapping and, to a lesser extent, activation mapping are used to select the appropriate endocardial site for catheter ablation. 9, 10 In patients who cannot be ablated from the right ventricle, specific characteristics of the QRS complex during VT may point to an origin in the left ventricular outflow tract or aortic root. 5, 6, 11 Although, until now, no anatomically well-defined substrate for idiopathic RVOT-VT has been found, this study indicates that in some patients with a structurally normal heart and a LBBB-like VT, the site of origin is in myocardial tissue in or around the pulmonary artery. In all but 1 patient, at the site of successful ablation a sharp potential was recorded, preceding the onset of the QRS during VT by 24 to 60 ms. This sharp potential was also recorded late after a tiny ventricular electrogram during sinus rhythm before ablation and disappeared after ablation. Similar to the spikes found in the pulmonary veins in patients with atrial fibrillation, these sharp potentials indicate the presence of muscular tissue around the pulmonary artery. 1 In 5 patients, a VT was successfully ablated in the pulmonary artery, indicating that this ectopic muscular tissue is connected with the right ventricle. In 3 patients, the successful ablation site was located closely above the pulmonary valve, but in the other 2 patients RF ablation several centimeters above the valve terminated the VT. How to explain the presence of myocardial tissue in or around the pulmonary artery? Both the embryonic avian and mammalian outflow tract, as well as the outflow tract in adult primitive fish (called conus) and amphibians (called bulbus cordis), is surrounded by myocardium. 12 It has been demonstrated that this myocardium supports semilunar valve function in adult fish and frogs and substitutes this function in embryonic chicken hearts. In contrast to the myocardium of the atrial and ventricular chambers, this myocardium retains its embryonic features, ie, slow propagation of the depolarizing impulse owing to the poor intercellular coupling of the cardiac muscle cells. This characteristic also is a prerequisite for nodal function. In normal mammalian development, the proximal outflow tract myocardium becomes ventricularized by incorporation into the right ventricle, whereas the myocardium of the distal outflow tract disappears. It can be envisioned that if this retraction of myocardium does not disappear completely, remnants persist that may provide the substrate for these tachycardias.
Previous studies using catheter ablation in the RVOT to treat idiopathic LBBB-VT reported excellent outcomes. 9, 11, 13 Our findings suggest that in more LBBB-VT patients, ectopic impulse formation starts in the pulmonary artery followed by conduction over a myocardial sleeve to the right ventricle. Interruption of conduction by catheter ablation either at its beginning (in the pulmonary artery) or at its insertion into the RVOT may cure these patients. This is similar to interruption of conduction in an accessory atrioventricular pathway, either at the atrial or the ventricular end. Although specific electrocardiographic patterns during VT may indicate a left ventricular outflow tract or aortic root site of origin in some patients with idiopathic LBBB-like VT, the electrocardiographic characteristics of the VT of these 6 patients did not allow to distinguish between an RVOT and a pulmonary artery origin of the VT. 5, 6, 11 Although the mechanism of the VT originating from the pulmonary artery was not systematically studied, all VTs were induced during exercise testing or isoproterenol administration, indicating catecholamine sensitivity.
Echography in the RVOT and the pulmonary artery could be of help in the precise localization of the site of origin of the VT. We used right ventricular angiography that allowed us to visualize in all patients the exact site in relation to the pulmonary artery and pulmonary valve leaflets, where a successful catheter ablation was performed.
A better understanding of the site of origin of LBBB-like VT will improve our ability to successfully treat these patients with catheter ablation. The findings of our study suggest that in every patient with a structurally normal heart and a LBBB-like VT morphology, mapping of the RVOT should be first performed. At this moment in time, we suggest that when no early activation time during VT and no optimal pace mapping are found in the RVOT, detailed mapping of the pulmonary artery including the pulmonary valve should be performed. In patients with a previously unsuccessful RVOT ablation, a repeat procedure with careful mapping of the pulmonary artery is advised.
